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为其提供了更加广阔的发展空间。由于使用数字 ASIC 设计的方法实现 QPSK 调
制器具有电路性能好、功耗低、体积小等优点，本文基于数字 ASIC 设计方法，
设计并实现了一款基带数据频率 1Mb/s，载波频率 20MHz 的 QPSK 调制器。 




的基础上，先对 QPSK 调制器的各个模块进行参数及算法设计，接着用 Matlab
仿真软件进行仿真设计， 后采用 Verilog HDL 实现电路的功能和 RTL 代码，同
时使用 Modelsim 对各个代码进行功能验证。在设计过程中，采用流水线、ROM
压缩等有效技术来优化电路的结构和减小电路的面积。 后本文采用
SMIC0.18 mμ 工艺库，使用 Design Compiler、Primetime、Formality 和 Astro 等工
程上 常用的数字 ASIC 设计软件工具，实现了逻辑综合、静态时序分析、形式


























QPSK modulation techniques are widely used in modern communication systems，
which are characterized with high spectrum efficiency, better spectrum specification, 
strong anti-interference performance, and ease of implementation. In recent years, the 
rapid development of mobile communications and satellite communications provide 
QPSK modulation techniques a wider space for future development. Using digital 
ASIC design to implement QPSK modulator has many advantages such as good 
circuit performance, low power consumption, small size, etc. In this graduation thesis, 
a QPSK modulator is designed and implemented based on digital ASIC design flow, 
with the baseband data frequency of 1Mb / s and carrier frequency of 20MHz.  
Firstly, the basic principles of QPSK modulation system is introduced, the 
principles of all major functional modules of a QPSK modulator, including numerical 
control oscillator, pulse shaping filter and interpolation filter, are analyzed in detail. In 
this thesis, the digital ASIC design flow is divided into front-end design and back-end 
design, and the task and operations of each step of the process are introduced. 
Secondly, followed by top-down design flow and base on the module division, 
algorithm and parameters of the QPSK modulator’s blocks are designed and then 
simulated using Matlab software. The circuit function and RTL code are realized 
using Verilog HDL while the functional verification of each code is executed using 
the Modelsim. In the design process, the pipeline and ROM compression method are 
used to optimize the structure of the circuit and to reduce the circuit area. Finally, 
using SMIC0.18 technology library, the digital ASIC design of the QPSK modulator 
is achieved, in which the logic synthesis, static timing analysis, formal verification 
and automatic placement and routing steps are completed using the most commonly 
tools for digital ASIC design flow such as the Design Compiler, Primetime, Formality 
and Astro software, etc. 
The simulation result of the digital ASIC and test software confirm that the QPSK 















with good sequence, small sizes, and low power consumption performance, which is 
of certain value both in study and in practical engineering applications. 
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中很重要的一部分。信号调制是指使用信号 ( )f t 来控制载波的某一个或者几个
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                  ( ) 0( ) cos[ ( )]bpskS A t t tθ= ω +                     （2.1） 
其中 0ω 是载波的角频率， ( )tθ 是调制的载波相位取值。由于BPSK是对数字
信号进行调制，因而 ( )A t 可以用 ( )
n
g t nT−∑ 代替。其中 ( )g t 为数字信号波形，T
为数字信号的周期，在一个周期内 ( )tθ 保持不变。于是，BPSK信号就可以表示
为[4]： 




( ) cos "0"




g t nT t
S
g t nT t
⎧+ − ω









键控（Quadrature Phase Shift Keying, QPSK）,是利用载波的四个不同的相位来代
表数字信息的调制信号。 
QPSK已调信号可表示为： 
                  ( ) 0( ) cos[ ( )]qpsk
n
S g t nT t tθ= − ω +∑               （2.3） 
其中各个参数与二进制相移键控的含义一样。在一个信号周期内， ( )tθ 保持
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    ( ) 0 0[ ( ) cos ]cos [ ( )sin ]sinqpsk k k
n n
S g t nT t g t nT t= − ϕ ω + − ϕ ω∑ ∑   
         0 0cos sink kI t Q t= ω + ω       1kT t kT≤ ≤ +               （2.4） 
其中令 [ ( )cos ]k k
n
I g t nT= − ϕ∑  ， [ ( )sin ]k k
n
Q g t nT= − ϕ∑ 。则QPSK调制可































π 四个离散值。由 kI 和 kQ 的公式，
可以得知两个分量合成的矢量点会落在同一圆周上。在坐标轴上将二进制数与相
位的对应关系表示出来，这种图称为QPSK的相位星图。 
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